The micromorphology, ultrastructure, and cell wall composition of an actinomycete isolated from beach sand were studied. On the basis of its cell wall composition and some of its morphological features, it was placed in the genus Streptosporangium. It differed from other members of this genus by producing rather ill-defined sporangia containing thick-walled, ridged spores together with short chains of similar spores. This organism is regarded as belonging to a new species, for which we propose the name Streptosporangium corrugatum. The type strain of this species is E90 (NCIB 11120).
Genera of the order Actinomycetales are distinguished primarily by their spore morphology and the chemical composition of their walls (6, 11, 18) . Although there are differences between the various classification schemes proposed, all actinomycetes which form their spores within sporangia or vesicles and have meso-2,6-diaminopimelic acid in their walls are placed in the family Actinoplanaceae . Genera within this family can be divided into two groups (6) . Those in the first group (Actinoplanes, Ampullariella, and Dactylosporangium) form sparse aerial mycelium and have glycine and meso-diaminopimelic acid in their cell walls. The second group (Planomonospora, Plano bispora, Spirillospora, and Streptosporangium) have a well developed aerial mycelium and lack glycine in their cell walls.
We have examined the morphology and cell wall composition of an isolate which belongs to the family Actinoplanaceae but which has several morphological characteristics not previously observed in other members of this family. The purpose of this paper is to report the results of our studies on this isolate.
MATERIALS AND METHODS
Bacterial strain. Strain E90 was isolated from beach sand (pH 7.8) at Freshfield, Lancashire, United Kingdom. It was detected on dilution plates prepared with starch-casein medium containing antifungal antibiotics (24). Most actinomycetes on the plates were micromonosporas (22), and E90 accounted for less than 1% of the total colonies.
Cultural characteristics. Cultures were first grown on oatmeal agar at a range of temperatures to determine the temperature most suitable for subsequent experiments. Optimum growth occurred at 25 C.
The isolate was then grown on a variety of media (see Table 1 ) for 21 days. The extent of growth of substrate and aerial mycelium and presence of sporing structures were noted. Colors of aerial growth, substrate growth, and soluble pigments were determined using the color chart of Prauser (17) .
Morphology and fine structure. Most aerial growth and spore formation occurred on oatmeal agar, and this medium was used for studies of morphology. Observations by light microscopy were carried out on blocks of medium removed from plate cultures after 7, 14, and 21 days of incubation.
For scanning electron microscopy, small blocks of medium with growth were removed from plates after the same periods, and these were quenched in isopentane at about -150 C and then freeze dried at -60 C in a Pearce Edwards tissue dryer for 20 h. They were then coated under vacuum with a film of gold-palladium and examined with a Stereoscan at 20 kV.
For transmission electron microscopy, blocks of medium with growth were fixed in buffered l'% (wtlvol) osmium tetroxide for 16 h at room temperature, followed by a 3-h wash in 0.5% (wt/vol) uranyl acetate. They were then dehydrated with ethanol and embedded in an epoxy resin (21). U1-trathin sections were prepared and examined with an EM6B (A.E.I. Ltd.) electron microscope at 60 kV .
Cell wall composition. Cells for chemical analyses were grown in static flask cultures a t room temperature in a medium containing 0.1% (wthol) yeast extract (Oxoid), 0.2% (wtivol) Casamino Acids (Difco), 0.1% (wtlvol) beef extract (Oxoid), and 0.2% (wthol) glucose, at pH 7.0. Cells were harvested, washed, and freeze dried. A crude cell wall preparation was obtained by crushing cells in an X press (L.K.B) and centrifuging to remove whole cells. A pellet of crude walls was suspended in 0.2 M phosphate buffer containing 0.5 mg of Pronase (B.D.H.) per ml and incubated at 37 C for 16 h. Treated walls were washed three times with distilled water and freeze dried.
Walls were examined for reducing sugars and amino acids by the methods of Bowden (2) and for isomers of diaminopimelic acid by the procedures of Hoare and Work (9). They were examined for the presence of lipid characteristic of Nocardia by the chromatographic procedure of Mordarska et al. (14) . 
RESULTS
Cultural characteristics. On all media used, substrate growth of the isolate was pale buff and lacked soluble pigment. Aerial growth was detected only on oatmeal and oatmealyeast extract media and in both cases was white. The cultural characteristics are given in Table 1 .
Morphology and fine structure. Examination by light microscopy showed that sporing structures occurred on aerial growth only. Two types of structure, club-shaped and varioussized spherical bodies, could be distinguished (Fig. 1) . The distinction between these structures was also clear in scanning electron micrographs of aerial growth (Fig. 2) . In 7-and 14-day-old cultures, the various sized spherical bodies were common; the club-shaped structures were infrequent except in 21-day-old cultures.
At higher magnifications, the spherical structures appeared to be covered by a wrinkled envelope; contents of these structures were not visible, but, the undulations of the envelope suggested that spores might be present within (Fig. 3) . Disruption of some of these structures was achieved by flooding cultures with water and preparing them without freeze drying. Removal of the outer envelope revealed ridged spores in a coiled chain (Fig. 4) . Club-shaped structures developed at the tips of aerial hyphae; their length ranged from 3.5 to 8.0 pm, and their width ranged from 0.75 to 1.00 pm. At first, their surface was smooth (Fig. 51 , but it became wrinkled as spores developed (Fig. 6) . As the club-shaped structures matured, partial or complete removal of their outer, wrinkled envelop revealed chains of three to eight spores which were prominently ridged (Fig. 7, 8, 9 ). Their length was 0.8 to 1.0 pm and their breadth was 0.6 to 0.7 pm. Ridges were mostly longitudinal with annular ones between ad--, growth absent; +, growth sparse; ++, growth jacent spores. The form of these spores was, therefore, the same as those found inside the spherical bodies.
Ultrathin sections of spore chains showed that they developed within an envelope which also contained moderately electron-dense extrasporal material (Fig. 10) . Sections of spherical bodies showed variously orientated hyphae surrounded by a thin envelope which appeared to be continuous with the outer sheath of the parent hypha (Fig. 11) . Mature spores developed thickened walls (up to 150 nm) in which ridges were sometimes visible (Fig. 12,13) . Two layers could sometimes be distinguished in the thickened spore wall.
The stages in spore formation and the release for both sporing structures are summarized in Fig. 14 .
Cell wall composition. The cell wall of our isolate contained meso-diaminopimelic acid but lacked arabinose and glycine. It contained only traces of galactose, rhamnose, and mannose. No lipid characterist,ic of Nocardia was detected. Its cell wall composition was, therefore, similar to that of members of the genera Planomonospora, Spirillospora, and Streptosporangium ( Table 2) .
DISCUSSION
The genus Streptosporangium (4) contains actinomycetes bearing sporangia on their aerial mycelium. The spores are nonmotile and may be formed in chains as well as in sporangia, as in S. bouinum (3), S. roseum (4), and S. viridogriseum (16) . Sporangia range in diameter from 7 to 40 pm, and spores are usually oval or spherical with diameters from 0.2 to 2.0 pm. Studies on the spore formation process in Streptosporangium have shown that spores in both sporangia and chains form in essentially the same way (13, 19) . In both cases, spores are produced by fragmentation of a hypha within its sheath, which either expands to form the sporangial envelope or remains around the spore chain. Therefore, truly endogenous spore formation does not occur, and it has been suggested that the term "spore vesicle" should replace "sporangium" (5, 19) .
The morphology and spore development of the organism studied here were similar in many respects to those of Streptosporangium species. There were, however, some important differences. The vesicles were rather irregular in shape, variable in size, and smaller than those in most streptosporangia. Coiling of the sporogenous hypha within its expanded sheath was also less regular than usual. Formation o f club-shaped structures by streptosporangia has not been reported, but these may be regarded as analogous to the spore chains observed in some species. Thick-walled spores with longitudinal and annular ridges have not been observed in Streptosporangium or in any other actinomycete. Endospores of Thermoactino-
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FIG. 3. Spherical body with outer envelope in place (scanning electron micrograph).
FIG. 4. Coiled ch,ain of ridged spores i n spherical body after removal of outer envelope (scanning electron micrograph).
myces vulgaris and Actinobifida dichotomica have a ridged outer coat, but internally they resemble the endospores of Bacillus and Clost r i d i u m (8, 23) .
The cell wall composition of this organism corresponds to type 111 of Lechevalier and Lech- but some contain glycine and fall into type I1 (1, 12) . Species of Streptosporangium have been distinguished primarily by differences in color of aerial mycelium, substrate mycelium, and soluble pigments; little information on their physiological characteristics is available. The cultural features of our isolate resemble those of Streptosporangium album (15) , which has white aerial mycelium and a pale yellow reverse but which produces a yellow soluble pigment.
We regard our isolate as belonging to a new species, for which we propose the name Streptosporangium corrugatum (L. adj. corrugatus Color. Aerial mycelium and sporing structures are white, the reverse side of the colony is pale buff, and no soluble pigment is produced.
Cell walls. Neso-diaminopimelic acid is present but glycine, arabinose, and galactose are absent (type I11 of Lechevalier and Lechevalier [111) . Type strain. The type strain, E90, has been deposited in the National Collection of Industrial Bacteria, Aberdeen, Scotland, as NCIB 11120. Since the species description is based on a single strain, the type strain, it also serves as the description of the type strain.
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